Background: There is large prescription drug epidemic in United States. We want to determine if ERATS (enhanced recovery after thoracic surgery) program can reduce discharge on highly dependent narcotics. Methods: We performed a retrospective analysis of prospectively collected data on patients who underwent lung resection and foregut procedures on thoracic surgery service over an 8-month time period. Patients underwent preoperative conditioning instructions, multimodal non-narcotic pharmaceutical usage, total intravenous anesthesia (TIVA) and minimizing highly addictive narcotics during the post-operative period.
Introduction
There is a large prescription drug epidemic in the United States. About 54 million people have used prescription narcotics for nonmedical reasons in their life time (1) . Some of these people were first introduced to highly dependent narcotics after a surgical procedure (2) . Moreover, many patients are overprescribed highly addictive pain medication after surgery (3) , which contributes to the epidemic. The Drug Enforcement Agency (DEA) classifies narcotics based on their abuse or dependency potential (4). Schedule I is a class of narcotics that is too addictive to be used for
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Enhanced recovery after thoracic surgery reduces discharge on highly dependent narcotics medical purposes, such as heroin or cocaine. Schedule II drugs are highly addictive narcotics that can be used for medical purposes. Norco (hydrocodone/acetaminophen) is an often-prescribed drug in this class. Schedule III drugs are narcotics that have less potential for abuse than schedules I and II and includes Tylenol #3 (acetaminophen with codeine). Schedule IV is a less addictive class of narcotics such as Tramadol, a synthetic narcotic. Although all narcotics can be abused, schedule II narcotics are particularly concerning due to their addictive properties.
General thoracic surgery specializes in the treatment of patients with diseases of the chest and upper abdomen. Lung resection requires incisions in the chest cavity with surgery often taking place between the rib spaces. This is often a very painful operation since each rib has an intercostal nerve that often gets compressed during the operation. Moreover, the presence of a chest tube after the surgery causes notable pain. Foregut surgery, although typically performed with minimally invasive incisions, does have a degree of pain requiring narcotic pain medication. Enhanced recovery protocols have only recently been developed in thoracic surgery, but have been shown to reduce length of stay and postoperative complications. We have implemented our protocol in stages, beginning with a preoperative education program, then adding a multilevel intercostal nerve block intraoperatively with a non-narcotic-based pain medication regimen as the primary source of postoperative pain control. Finally, we added an intraoperative protocol including the use of total intravenous anesthesia (TIVA) during the surgery, multimodal analgesia with minimal opioids, PONV prophylaxis and maintenance of euvolemia. We applied the protocol across all cases.
Prior to starting any components of enhanced recovery after thoracic surgery (ERATS) program in our institution, both groups of patients went home with a prescription of schedule II medication for post-operative pain control. ERATS have shown to decrease morbidity (5, 6) and hospital length of stay (7) . However, there has not been a great focus on the type of narcotics with which patients are discharged home after an enhanced recovery as part of the surgery protocol. We want to determine if an enhanced recovery protocol can decrease the number of patients who go home with schedule II narcotics medications.
Methods
The Institutional Review Board at Houston Methodist Research Institute approved this study (IRB# Pro00013680).
Patients who were undergoing either lung surgery or foregut surgery were put on the ERATS protocol ( Table 1) . We analyzed the patients who underwent the protocol in 8-month time period since the full implementation of the program. We excluded patients who underwent urgent or emergent operation. There were three phases in ERATS protocol ( Table 1) . During the office visit, patients were told about the ERATS protocol and the goal of decreasing the use of narcotics during the operative experience. Patients were also instructed to walk 1 mile a day prior to surgery to prepare for the operation. Patients were given an incentive spirometer to practice at home. If the patient was an active smoker, he or she was counseled to stop smoking, and if the patient had heavy alcohol use, he or she was asked to stop drinking 2 weeks prior to surgery.
About 1 hour prior to surgery, unless allergic, patients were given PO tramadol and gabapentin. Approximately 5-10 minutes prior to induction patients were administered up to 1 mg midazolam IV, famotidine 20 mg, and ondansetron 4 mg IV. At induction, up to 2 mg/kg propofol was titrated IV along with up to 100 mg of lidocaine and a muscle relaxant of choice. Patients also received up to 100 mcg fentanyl IV. TIVA infusions were started with induction, maintained and titrated throughout the case to a bispectral index (BIS) of 40-60. Infusions included propofol 60-100 mcg/kg/min, remifentanil 0.05-0.1 mcg/kg/min or ketamine 0.05-0.1 mcg/kg/hour and dexmedetomidine 0.3 mcg/kg/hour. Generally propofol at 100 mcg/kg/min and remifentanil at 0.075 mcg/kg/min were the starting infusion doses. Patients were intubated with the appropriate size single or double lumen endotracheal tube.
Prior to incision, patients were administered 1 g of IV Acetaminophen and 4-8 mg of dexamethasone. Patients with creatinine ≤1 and age <75 years old (after confirming with surgeon) were administered ketorolac 15 mg IV. Patients received ondansetron 4mg IV (repeated dose) prior to extubation. All patients received Exparel (bupivacaine liposome injectable suspension), administered at the sites of incision. For those patients who underwent lung resection, the patient underwent an intercostal nerve block with Exparel from the 2nd intercostal space to the 11th intercostal space. Patients received TIVA during the surgery. Patients received minimal narcotics, minimal benzodiazepines and were kept euvolemic during the operation. We employ a strategy of goal directed fluid therapy with monitoring through measuring stroke volume variation, pulse pressure variation and cardiac index.
When trocars were removed or approximately 30 minutes prior to extubation, dexmedetomidine was stopped. About 20 minutes prior to extubation, remifentanil/ketamine and propofol infusions were decreased by half. Propofol was stopped 10 minutes prior to extubation and remifentanil was stopped immediately before extubation. Patients were extubated when extubation criteria were met. After the operation, the patients were given IV acetaminophen 1 g q8 for 24 hours and switched to PO acetaminophen around the clock. The patients were given ketorolac 15 mg q6 hours for 48 hours then ibuprofen around the clock. The patients received gabapentin 300 mg q12 hours around the clock. Finally, patients were given tramadol as needed. If patients had pain despite this regimen, patients were given IV dilaudid 0.5 mg every 1 hour ×2 doses. If the pain was persistent, patients were given IV dilaudid PCA. In addition to this pain regimen, patients were asked to walk three times a day after the surgery, work on IS 10 times every hour while awake with the goal of hitting >1,000 mL and sit in the chair for >6 hours a day. We adjusted the pain medication if patients were unable to perform these tasks. Patients who had a lung resection were given a regular diet after the surgery and received minimal IVF after surgery. Patients who had foregut surgery were kept NPO overnight and their diet was advanced the next morning.
All outcomes were obtained from the prospective database for the Society of Thoracic Surgeons at Houston Methodist Hospital, which is extracted from the electronic health record. We then performed a retrospective analysis to determine the prescription the patient received when they were discharged after surgery. We obtained information on whether patients were on narcotics prior to surgery from the electronic health record. We analyzed categorical variables and determined the percentage of patients in each category. We analyzed the patients' age with mean and standard deviation. We analyzed the length of stay using median and range. We determined the number of patients with complications and recorded each complication from Grade I to Grade V based on the Clavien-Dindo classification of surgical complication (8, 9) .
Patients with multiple complications were assigned the highest grade of complication.
Results
There were 52 patients who underwent lung resection. The average age of this group was 65 years old and they were predominantly female (65%). The common comorbidities were hypertension (56%), COPD (25%), CAD (19%) and diabetes (19%). Most patients were former smokers (60%). All of the patients underwent a minimally invasive procedure with most of the patients undergoing robot-assisted lung resection (69%). The most common procedures were lobectomy (44%) and wedge resection (35%). In the foregut group, there were 54 patients. The average age of the group was 56 years old and they were mostly female (59%). The most common co-morbidity was hypertension (54%). Most of the patients were nonsmokers (76%). All of the patients underwent a minimally invasive procedure with most of the patients undergoing robotassisted surgery (87%). The most common procedure was hiatal hernia repair with fundoplication ( Table 2) .
The median length of stay for lung resection was 2 days while it was 1 day after foregut surgery. Most patients had no complication with 75% in the lung resection group and 85% in the foregut group. Most of the patients who had a complication after lung resection had a grade I complication (15%) such as urinary retention, pneumothorax after chest tube removal and discharge home with O 2 . Ten percent of the patients after lung resection had a grade II complication such as atrial fibrillation, UTI and a wound infection treated with medication. No patients had grade III, IV or V complications after lung surgery. After foregut surgery, 9% of the patients had a grade I complication such as urinary retention and discharge home on O 2 and 6% had a grade II complication such as postoperative transfusion and pulmonary emboli treated with medication. The readmission rate after lung resection was 4% and 6% after foregut surgery. There was no mortality in either group ( Table 3) .
No patients in the foregut group and 6% of patients in the lung resection group were on narcotic medication prior to surgery. After the surgery, 69% of the patients in the lung resection group and 69% of the foregut group went home on schedule IV narcotics pain medication. Only 10% in the lung resection group and 2% in the foregut group went home on schedule II narcotics pain medication. All patients who were on schedule II narcotics pain medication prior to surgery went home on schedule II narcotics pain medication ( Table 4 ).
Discussion
Early recovery in thoracic surgery protocols has shown pain reduction for patients, decrease in complication rate and total length of stay (10, 11) . We also found similar outcomes in our study. We had no mortality, a very low complication rate and a very short length of stay after surgery. This is very favorable outcome in the background of the expected outcomes from similar operations. In addition, we were able to demonstrate a decrease in the number of patients who are discharged home with highly dependent narcotics. In our experience, 100% of our patients were discharged home with highly dependent narcotics with both types of operation prior to starting the program. We implemented the program in stages where we first focused on the preoperative component then postoperative component and finally an operative component. A key factor that contributed to success of the program is a multidisciplinary team approach, which included including thoracic surgery, thoracic surgery staff, cardiovascular (CV) anesthesia, intensivist, nursing, pharmacy and house staff to develop and implement the program.
Overall preparing the patient for surgery is an important aspect of the protocol. The preoperative discussion involves active participation by the patients in their own recovery. Although it is hard to quantitate, having motivated patients getting ready for surgery and being actively involved with their recovery makes it easier to take care of them in the post-operative period. We focus on three areas in the preoperative setting. First, we discuss the factors that can be modified prior to surgery to improve surgical recovery.
These include smoking cessation, stopping alcohol consumption and stopping any medication that can be safely stopped that can increase complication such as blood thinners and steroids. Second, we discuss things the patients can do to improve their recovery. Two things that we stress in this category are walking 1 mile a day and learning how to use the incentive spirometer. The last category is discussing with patients what to expect regarding pain control after surgery. We found that this significantly improves the patient's preparation for surgery and encourages them to take responsibility for their recovery. Studies have shown that an exercise program prior to surgery can improve function after surgery (12, 13) . This has helped patients to recover faster with fewer complications.
In the perioperative period, we have always used minimally invasive techniques to improve outcomes but the addition of pre-emptive pain control and minimizing narcotics has made a major impact in post-surgical use of highly addictive narcotics. The use of scheduled acetaminophen, ketorolac and gabapentin as well as Exparel for nerve block has significantly decreased the use of highly addictive narcotics at the time of discharge. Exparel, especially in the lung resection, makes a significant impact with blocking the nerve that causes pain in the chest cavity (14) . Most patients do not have pain after the nerve block and just notice the chest tube. All of these patients have decreased pain after the removal of the chest tube.
One group that we are unable to discharge home with less addictive narcotics includes patients who are already taking highly addictive schedule II narcotics prior to surgery due to pre-existing pain. Less addictive narcotics in these groups did not work and we would have to quickly transition to narcotic PCA and back to home regimen. Studies have shown that patients who are on narcotics prior to surgery were more likely to have a longer hospital stay, discharge to rehabilitation facility and higher readmission (15) . We did not have enough patients to analyze determine if this is the case in our group but our overall experience is that it is more difficult to manage the post-operative pain in patients who were on narcotics pain medication prior to surgery.
One limitation of this study is that it is unknown how much of the prescribed pain medication the patients took at home. Most of the patients would comment at their follow up appointment that they only took narcotics pain medication for one or two days and transitioned to non-narcotics pain medication such as acetaminophen or ibuprofen. Thus, the benefits of this protocol may be greater than it has been observed in this study. Another limitation of this study is it is unknown which aspect of the protocol had the greatest contribution to the outcome. We decided to take the best evidence in the literature to create this program thus it is unknown the incremental benefit from each of the components.
Conclusions
The implementation of ERATS program for our thoracic surgery patients has significantly decreased the availability of highly addictive narcotics in the community and has decreased the possibility of our patients to abuse these drugs, while ensuring that we still provide adequate pain relief following surgery. We can do our part in reducing the prescription drug epidemic that is prevalent in the United States.
